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ABSTRA CT

This paper presents an overview of contributions in astrophysicsmadesince2004through the useof long-baseline
optical/infrared interferometers. Emphasisis placedon new results at near-and mid-infrared wavelengths. These
results include new insights into our understanding of Cepheid and Mira variables, Young Stellar Objects, dust
shells, spectroscopicbinaries, and the limb-darkening of rapidly rotating stars. Plans for future work are also
described.
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1. INTR ODUCTION

This paper describes the advancesin sciencewith long-baselinestellar interferometers from the time of the last
SPIE interferometry meeting, New Frontiers in Stellar Interferometry, SPIE Conference5491held in Glasgow,
Scotland, 21{25 June 2004. To limit the scope of this review, only papers published in the refereedliterature
after 30 June 2004 are discussed. The review therefore includes papers from volumes 421{452 of Astronomy
and Astrophysics, volumes609{642of Astrophysical Journal, and volumes127{131 of the Astronomical Journal.
Also included are selectedpreprints made publically available prior to June 14, 2006. The sourcesof preprints
included the authors themselves, the lists of forthcoming papers at journal websites,and the preprint server at
astro-ph.� Links to the cited papers in electronic format are available through the website of the Optical Long
BaselineInterferometry Newsy

Even though the techniques of astronomical interferometry date back to the mid-19th century , in writing
this review I have not cited papers published prior to June 2004. This was done so the referencesat the end of
this review would contain only papers published during the review period. Interested readersmay also wish to
consult referencesincluded within the papersin this review or consult the following two reviewsfor earlier papers:
J.D. Monnier, \Optical interferometry in astronomy," Reports on Progress in Physics 66, 789{857 (2003); and
A. Quirrenbach, \Optical interferometry," Ann. Rev. Astron. Astrophys. 39, 353{401 (2001).

1.1. Adv ances in Science and Technology 2004-2006

Sciencewith optical/infrared interferometry has made remarkable progressin the period of 2004-2006.This is
due in part to the commissioningof new instrumentation at several facilities. The most prominent changesthat
have occurred over this period include the following:

� In 2003the Very Large Telescope Interferometer (VLTI) had only just begun scienceobservations with its
mid-infrared beam combiner MIDI. Sincethen a steady output of scienti�c papers has appearedusing this
instrument. The �rst sciencepapers from AMBER, the VLTI's infrared imaging beamcombiner, appeared
in November 2005following the completion of AMBER's commissioning. The three of the VLTI's Auxiliary
Telescopes were also installed during this time. AMBER was o�ered for general observing starting in
October 2005.

Further author information: Send correspondence to Peter Lawson, Jet Propulsion Laboratory, MS 301-451, 4800
Oak Grove Driv e, PasadenaCA 91109-8099,USA. E-mail: Peter.R.Lawson@jpl.nasa.gov, Telephone: +1 (818) 354-0747.

� http://xxx.lanl.go v/arc hive/astro-ph
yhttp://olbin.jpl.nasa.go v/



� The CHARA Array completed its commissioning in 2004 and through its own team at Georgia State
University and collaborators with the FLUOR beamcombiner at the Observatoire de Paris beganto publish
a seriesof numbered papers in the refereedliterature. For the �rst time phaseclosuremeasurements were
madeat the CHARA Array (in August 2005)with the e�orts of the team from the University of Michigan.

� The Keck Interferometer group published the results of its shared-risk scienceprogram, covering surveys
of Mira Variables, and Young Stellar Objects (Herbig Ae/Be Stars, FU Orionis Stars, and T Tauri Stars).
The Keck nulling interferometer produced its �rst fringes and also achieved null depths of 100:1in August
2005. The `OHANA Project obtained �rst-fringes using optical �b ers for beam transport and �b er feeds
at the focus of the two Keck telescopes.1

� The commissioningof the Large Binocular Telescope made signi�can t advances,so that by 2006 its two
primary mirrors had beeninstalled and aluminized. As viewed from the exterior the facilit y appearsin its
near �nal form, even though another year of commissioningis planned for the interferometer combiners.

Almost 100 sciencepapers were published in the refereedliterature sincethe SPIE Glasgow meeting in June
2004. Almost all of the astrophysical results were made by observations at infrared or mid-infrared wavelengths
(J , H , K , and N band). This includes15 papers on Mira variables, 13 papers on Young Stellar Objects, and 14
papers on binary or multiple stars. 8 papers discussedadvanceson Cepheid variables, and a further 19 papers
were devoted to dusty objects of various sorts, included in this review. Several new avenues of research have
openedup, due to a large extent to the precisionof measurements available with K -band single-mode �b er beam
combiners. Results from the FLUOR combiner (usedboth at IOTA and at the CHARA Array) aswell as results
from its progeny VINCI at the VLTI have led to a new understanding of the environments of supergiant stars.
Particularly noteworthy as well are the large number of new papers on interferometry and spectroscopy at N
band.

2. MAIN SEQUENCE STARS

2.1. Rapidly Rotating Stars: Altair, Regulus, and Alderamin

The rapid rotation and gravitational darkening of Altair was observed with the Navy Protot ype Optical Inter-
ferometer2, 3 and the VLTI/VINCI. 4 Measurements suggestedthat not only is Altair oblate but that there may
be a bright spot, possibly the pole of the star, on the limb-darkeneddisk with a relative intensity of 4.7%. Data
from NPOI and VLTI/VINCI combined along with previous data suggestthat the gravitational darkening of
Altair is indeed as expected from theoretical predictions | the von Zeipel e�ect. 3, 4 Moreover, data for Altair
successfully�ts a Roche model and suggestsit is rotating at 90% of its breakup velocity.3

Claims for the �rst measurements of gravitational-dark ening were made for observations of Regulus,another
rapidly rotating star.5 Reguluswas measuredto be rotating at 86% of its breakup velocity. Measurements also
yielded its equatorial and polar diameters, and the inclination and position angle of its spin axis.

On the slightly slower end of the reported rapid rotators, rotating at 83% of its breakup velocity, and still
consistent with theoretical predictions, � Cep (Alderamin) was similarly measuredin detail.6 As noted by the
protagonist of this broadening �eld of research, there are over 70 known bright main sequencestars that are
rapid rotators, and we can expect further results in the coming years.6

2.2. Vega and Vega-lik e Stars

It almost seemsthat any star bright enoughto have its own arabic namewill be found to be anything but round,
and suspect asa calibrator. Vegawasalso discoveredto be a rapidly rotating star.7, 8 This is very disturbing, as
Vega is the referencefor the visual magnitude scale| and now has beenshown to be viewed pole-on, rotating
at 91% to 93% of its breakup speed. The rotation accounts for its unusual brightnessrelative to its peers,and
even suggestsits debris disk might be substantially older than previously thought.

Observations of the debris disk around Vegaindicate the presenceof an additional K -band source,only 1.3%
excessrelative to the photosphere. This appearsto lie in the closevicinit y of the star (within 1 arcsec),and may
possibly be heated dust grains associated with the inner disk.9



Measurements were made to detect dust around several Vega-like debris-disk stars, resolving � Pic and � Eri
for the �rst time, and providing upper limits on the dust contribution to the total ux. 10

2.3. Main Sequence Stars Co oler than the Sun

Limb-darkening measurements of � Cen indicate it has a smaller radius by 1 � stat than previously thought,
determined through new three-dimensional radiativ e hydrodynamical modeling of its surface.11

Empirical models relating the angular sizeand broadband colorsof A0{M2 dwarf and subgiant stars, yielded
an intrinsic dispersionof lessthan 1%.12, 13 Nonetheless,on the cooler end of the spectrum the data contributing
to this set were only seven M dwarfs. Measurements of 5 new M dwarfs, reported in 2006 suggest that the
current models underestimate the radii of M dwarfs by as much as 15{20%.14

3. SUBGIANT AND GIANT STARS

3.1. Subgian t Stars

Observations of Procyon, along with predictions from three-dimensional hydrodynamic modeling of its atmo-
sphereare consistent with a temperature structure with signi�can t convective overshooting.15 This is remarkable
becauseone-dimensionalmodeling fails to reproduce the observed spectral energy distribution.

Observations and evolutionary models were usedto show that � Eri is at the end of the subgiant phase,and
its classi�cation as an RS CVn star is doubtful. 16

3.2. Gian t Stars

Given enough angular resolution or measurement precision, every star (every otherwise good calibrator star)
seemsto have something wrong with it. Aldebaran, a K giant star often measuredby optical interferometry,
seemsto be subject to small but measurablechangesin its angular diameter.17 If that isn't the case,it may have
spots that appear and disappear and show up indirectly in the measurements. As well, Arcturus probably isn't
a well-understood K giant; it likely has a faint companion, since no reasonablehypothesis seemsto otherwise
match the data.18

4. HOT STARS AND THEIR ENVELOPES

4.1. B[e] Stars

Stars that show the B[e] phenomenon in their spectra are B-type stars with forbidden emission at optical
wavelengths and have strong near or mid-infrared excessdue to hot circumstellar dust. Measurements at the
VLTI with AMBER and MIDI of a supergiant B[e] star support the hypothesisof a non-sphericalcircumstellar
envelope for thesestars, and that the dust probably originates in the equatorial disk.19

4.2. Be Stars

Be stars have beenfavorite targets of stellar interferometers becausethey serve as their own calibration source.
Emission in the hydrogen lines, H� in particular, comesfrom the extended envelope of the star, whereasthe
central star shines brightly in the neighboring continuum. There is therefore a drop in visibilit y through the
wavelengths of the hydrogen lines, and with su�cien t spectral resolution the calibration is straightforward.
Nonetheless,these stars are notoriously variable and their spectra change over the courseof days and weeks.
Observations at the Navy Protot ype Optical Interferometer have shown that there is a well-de�ned relationship
between the H� luminosity and the e�ectiv e surfacearea of the disk,20 and that Gaussiandisk models provide
the best �t to the observations.21 In caseswhere there appears to be a faint companion, the disk may be
truncated.20 Observations of the Brackett  line (2.165 � m) were used at the VLTI with VINCI to observe
Achernar and its elongated circumstellar envelope, hinting at the presenceof a signi�can t polar wind.22 The
�rst mid-infrared measurements of a Be star weremadeby VLTI/MIDI to put constraints on theoretical models
of the mid-infrared excess,whosemechanism is as yet poorly understood: � Ara, the measuredstar, appearsto
be smaller than predicted and may have its envelope truncated by the presenceof an unseencompanion.23



5. PERIODIC PULSA TING STARS

5.1. Mira Variables

A frequent topic of debate in interpreting observations of Mira variables has been their pulsation mode (fun-
damental or �rst overtone) and how the composition of the star a�ects its pulsation24{27 Fundamental mode
pulsation seemsto provide the best agreement with K -band data.28

Radio and K -band interferometry show that SiO maseremissionscan lie relatively closeto the stellar pho-
tosphere at a distance of about two photospheric radii, 29 and N -band phase-closuremeasurements show that
someMiras have pronouncedasymmetriesin their dust shells.30 Observations of dust around Miras using inter-
ferometric polarimetry indicate that dust forms as near as three stellar radii and that simple outo w models of
Miras are grossly inadequate.31 Other future applications of interferometric polarimetry have beenproposed.32

Since2004a new understanding of Mira variableshasemergedsuggestingthat most Miras are surroundedby
an envelope of molecular water.33{ 37 The envelope is faint at K -band, contributing only about 1% to the stellar
ux, but much more obvious at N -band. This envelope makes the stars appear slightly larger at K -band than
their actual size. The presenceof an envelope of molecular water would therefore appear to settle the debate
of the pulsation mode of Miras. Becausethe stars are physically smaller than previously thought, the most
likely pulsion mode is now believed to be the fundamental mode.35, 38 Many of these measurements are taken
at K -band, where the e�ect on the visibilit y is a subtle but persistent one, similar to a systematic problem in
calibration. However, the measurements are becoming more sophisticated,39 and envelopes are now becoming
evident in the data of almost all supergiant stars.

5.2. Cepheid Variables

Observations of Cepheid variables serve as a crucial link in calibrating the extragalactic distance scale. Interfer-
ometric measurements make it possibleto directly measurethe angular diameter of thesestars as a function of
pulsation phaseand to provide precisedistancesto Cepheidsout to about 1 kpc.40 Since2004,new calibrations
of the period-radius, period-luminosity,40 and surfacebrightness-color41 relations have beenpublished.

The projection factor for Cepheids is a multiplicativ e factor that relates the physical pulsation velocity of
Cepheidsto the spectral line shifts measuredwith high-resolution spectrometry. It can intro duce a systematic
bias in Cepheid distance estimates42 and its derivation is inuenced by spectral line asymmetriesand is model-
dependent.43 Moreover, care must be taken with the data since the angular and linear estimates of a Cepheid
diameter must correspond to the samelayer of the star.44 Measurements of � Cep with the CHARA Array and
FLUOR beam combiner yielded a geometricalmeasurement of the projection factor,45 which is smaller than the
generally adopted value, but yet consistent to within 1.5 � .

Now, of coursethings get somewhatmore interesting if every supergiant star seemsto have a faint molecular
envelope around it. The star then doesn't radiate like a singleblackbody, nor doesit seemto have a well-de�ned
boundary. As with Mira variables, this e�ect would carry only a small percent of the ux at K -band, although
would be signi�can t at N -band. Measurements with the VLTI (VINCI and MIDI) as well as the CHARA Array
and FLUOR, provide convincing evidencethat theseenvelopesdo indeed exist.46, 47

6. SUPER GIANT STARS

The literature now suggeststhat not only is there a molecular layer of water around Betelgeuse,48 but that along
with a dust shell it hasa layer of amorphousalumina.49 The new models take into account a wider rangeof data
and in someregards are more conservative, since they force a �t to a wider wavelength range. These models
seemto �t near and mid-infrared data quite well.

For other late-type stars modelshave alsobeenpublished to describe thin dust shellssimilar to the molecular-
envelope models described for Miras and Cepheids.50



7. YOUNG STELLAR OBJECTS

Young stellar objects are someof the most complex and interesting objects being studied by optical/infrared
interferometers. Theseyoungstars arenear the endof the processof stellar formation, surroundedby an accretion
disk, blowing away gasand dust, yet ultimately forming the materials from which planetary systemsarise.

One of the most signi�can t contributions that interferometry has made to astrophysics in the past decade
has been the overturning of earlier models of YSOs and the development of an \optically thin cavit y" model
which now appears to explain the structure and dynamics of all but the highest luminosity sources.51 What
interferometers appear to be detecting is the light coming from the inner wall of the disk, seenat an angle and
in projection on the far side of the star. Young stellar objects undoubtedly have far more detailed structure
than can be fully resolved by current measurements, and what has beenpublished to date givesonly tantalizing
exampleof things to comes.

7.1. T Tauri Stars

T Tauri stars are pre-main sequencestars having a similar massand spectral type as our Sun. Interferometers
have beenusedto resolve and constrain the inner disk properties, generallymuch larger than predicted by simple
disk models. This has proven true even for lower massT Tauri stars.52 A range of inner-disk properties have
been measured,53 and observations suggestthat gas within the inner disk may be a signi�can t sourceof inner
disk ux for stars with large inner-disk radii. 54

TW Hydrae also has been shown to have have an inner disk radius larger than expected and an optically
thin component extending from 4 AU down to within about 0.06 AU of the central star.55

7.2. FU Orionis Stars

FU Orionis stars show a marked increasein luminosity followed by an extended period of fading, with a prior
spectrum very similar to T Tauri stars. One possibleexplanation is that the are-ups occur during a particular
change in the structure of the accretion disk of young T Tauris, and that perhapsall T Tauri stars go through
this phase. Measurements of FU Orionis itself by the Palomar Testbed Interferometer, IOTA, and the VLTI have
resolved the star's accretion disk and marginally detecteda bright spot within it|p ossibly a closecompanion.56

It is apparent in the modeling e�orts that are begin undertaken that considerably more data at di�eren t base-
lines and wavelengths is required to adequately characterize this classof object. Measurements with the Keck
Interferometer show that three other FU Orionis objects appear more resolved than would be expected from a
simple accretion-disk model; additional sourcecomponents, such as an extendedstructure or stellar companion,
are neededto account for the measurements.57

In January 2004McNeil's nebula appearedin Orion, near M78. The sourceof this new nebula, V1647Orionis,
is possibly an FU Orionis type object and interferometric observations have shown that it appears to have an
extended (7 AU) mid-infrared region, but no evidenceof a closecompanion.58 A simple disk model, perhaps
with moderate aring, �ts the observations well.

7.3. Herbig Ae/Be Stars

Herbig Ae/Be stars are young stellar objects with masses2 to 10 times greater than our Sun, with most of their
mass probably lying in their circumstellar disks. In the K -band, inner disk inclinations have been observed,
with geometrically at disk models consistent with the earliest spectral type objects and models with pu�ed-up
inner disk walls providing better �ts to later type objects.59 A tight correlation exists betweenthe near-infrared
disk size and the luminosity of these objects.60 This relationship holds for all but the most luminous of these
objects, such as MWC 297.61 This relationship also seemsto hold at mid-infrared wavelengths, where the
characteristic dimensions of the emitting regions are from 1 AU to 10 AU, with sizesof the reddest objects
being correspondingly larger.62 It has beensuggestedthat mid-infrared observations should provide evidenceto
distinguish betweenmodels with di�eren t outer-disk cross-sections.63

Observations at mid-infrared wavelength have shown evidenceof highly crystallized dust in the inner 1{2 AU
of three Herbig Ae stars, implying that silicates crystallize before any planets are formed.64



Recent closure-phasemeasurements of Herbig Ae/Be stars are providing new information on the asymmetries
of theseobjects and new constraints on models.65, 66 Theseobservations provide evidenceto support pu�ed-up
inner rim models over models with vertical inner walls.65 Observations and parametric imaging of AB Aur
indicate the presenceof a hot spot in its disk, which might possibly be a gravitational instabilit y or a low-mass
companion.66

8. BINAR Y AND MUL TIPLE STARS

8.1. Double-lined Spectroscopic Binaries

Binaries have been used to benchmark the performance of new imaging beam combiners: Measurements of
Capella were reported to demonstrate the overall imaging performanceof IOTA.67

For double-lined spectroscopicbinaries it is possibleto determine all orbital parametersof a system, through
a combination of radial velocity and interferometric measurements. If the massescan be determined with
su�cien t precision then it is also possible to constrain the evolutionary state of the primary and secondary
star. Observations of double-lined spectroscopicbinaries since2004include HD 6118(possibly the closestbinary
observed with an optical interferometer) and HD 27438,68 � Cen,69 12 Boo,70 HD 98800B,71 12 Per,72 � 2 Tau,73

and HD 9939.74 Agesfor components weredetermined for most of thesestars, and constraints on stellar evolution
models were possiblein three cases.70, 73, 74

Hipparcos estimated the distance to the Pleiadescluster to be about 10% too short compared to previous
estimates. In 2004 interferometric measurements added to the proof that Hipparcos results were somehow
wrong. A model-independent distance to the Pleiadescluster was obtained using interferometric observations of
the star Atlas and new spectroscopicmeasurements.75 The two spectra wereparticularly di�cult to disentangle
and were not mutually independent|information from interferometric measurements were usedin reducing the
spectroscopy data. However, its results con�rmed earlier estimates, and it now appears likely that Hipparcos
results were biasedbecauseof the brightnessand number of stars in that star cluster, which in turn dominated
measurements from the reference�eld.

8.2. Visual Binaries and Multiple Star Systems

For binary systemswhosestar separationsare resolved, the coherenceenvelopesof the light from each star may
be observedasseparate.Thereforewhen the interferometer scansits delay-line, two separatecoherenceenvelopes
can be measured.Under thesecircumstancephasetracking interferometerscan usetheir delay lines and internal
metrology to determine the relative positions of companionsto 7 mas resolution. This approach is being applied
at the Palomar Testbed Interferometer to search for Jupiter-mass planets around nearby binary stars. As part
of this work, orbits for several double and triple star systemshave been measured.76{ 78 Massesand relative
inclinations betweenwide and narrow pairs were determined for the triple systemsobserved.77, 78

9. ASSOR TED DUSTY STARS AND OTHER OBJECTS

We now come to a section which mostly contains a menagerieof dusty objects observed in N -band, wherein
my abilit y to classify papers into tidy groups falls apart. Many of these papers were the subject of Letters to
journals and also well-publicised pressreleases,and I apologizein advancethat the following listing doesnot do
justice to their science.

� Semiregular variables: An estimate of the size and opacity pro�le of RS CrB, a semiregular variable
red giant star, was obtained using a model of a thin dust shell of 7{8 stellar radii surrounding the stellar
photosphere. This simple model provided a good �t to the data over the entire 8{12 � m range.79

� Luminous blue variables: The central 3 arcsecaround the core of Eta Carinae was observed with
adaptive optics and N -band interferometry.80 The spatial distribution of corundum (south-east of the
star) and silicates (in the so-calledWeigelt blobs) was measured.

� Eruptiv e variables: The �rst direct measurements of the angular size of an eruptive variable, V838
Monocerotis, were made yielding a linear radius of about 1570stellar radii. 81



� Post-A GB binaries: Observations of post-Asymptotic Giant Branch (AGB) binaries have beenmadeat
K and N -band. Measurements at K -band of HR 4049 show its envelope to be spherical with a physical
size of 15{23 AU.82 Measurements at N -band of SX Cen and HD 52961suggestthat these objects have
very compact circumstellar environments extending to perhaps18 and 50{80 AU respectively.82, 83

� Iron stars: Irons stars have spectra that are dominated by lines of hydrogen and ionized metals. Obser-
vations including K -band interferometry revealed these objects to most likely be binaries with a Be star
and an evolved late-type secondary.84

� Silicate carb on stars: Observations of IRAS08002-3803revealeda surprising wavelength dependenceof
its angular size acrossthe N -band; several models were consideredusing di�eren t types of dust grains,
noneof which quite reproduced the observed Spectral Energy Distribution (SED). The authors noted that
the \silicate carbon star puzzle is even more puzzling than previously thought." 85

� OH/IR stars: Observations of OH 26.5+0.6 failed to detect fringesat N band, implying that the dust shell
was heavily resolved. This still presents an intriguing problem, becausethe results were very constraining
but the model usedto interpret the SED did not yield a large extendedshell.86

� Planetary nebulae: Hen 2-113was observed with several instruments including N -band interferometry.
No fringes were detected and the detector was instead used in a direct-imaging mode.87

� Activ e galactic nuclei: New modelswereproposedto �t VLTI/MIDI observations of NGC 1068. A model
with two concentric spherical components �tted the data and SED acrossthe N -band.88 The number of
di�eren t models that worked reasonablywell strongly suggestedto the authors that more data is needed
to place useful constraints on the geometry of this AGN.

10. ASTR OMETR Y AND PLANET FINDING

Several theoretical papers appearedpredicting the performanceof space-basedplanet searcheswith interferom-
eters. Predictions for space-basedastrometry, as implemented by the SpaceInterferometry Mission, raised some
debate in the literature. 89{92 Imaging and spectroscopy of extrasolar planets with optical/infrared interferom-
eters were also well represented for the �rst time at the Protostars and Planets V conferenceheld in October
2005.93

11. CA TALOGS AND CALIBRA TOR STARS

The Catalog of High Angular Resolution Measurements (CHARM) was updated in 2005.94 This catalog lists all
high-angular resolution (lunar occultation or long-baselineinterferometry) measurements of stars available up
until July 2004.

It is a truism in interferometry that everything conspiresto reduce the fringe visibilit y and nothing about
the observing conditions remains truly stationary. Observations with interferometers need to be calibrated by
interleaving the sciencemeasurements with measurements of calibrator stars|stars that would ideally have the
samespectral type, and the samemagnitude, and be unresolved. If the calibrator had all the sameproperties as
the sciencetarget, then it would also be resolved, so calibrator stars invariably have a smaller angular diameter
and are fainter than the sciencestar. When longer baselinesare usedfor science,the sciencetargets are generally
fainter and the calibrators fainter still. This presents an obvious challengeto the highest resolution measurements,
and is an immediate concernto the VLTI and the CHARA Array whosemaximum baselinesare 200 m and 300
m respectively. Thesetwo groupshave active programsto de�ne their calibrator sources.In 2005the �rst results
of the ESO calibrator program were appeared,95, 96 and a catalog of bright calibrator stars for 200-m baselines
was published.97, 98



12. SUMMAR Y AND CONCLUSIONS

In reading through these papers, I'v e been particularly pleasedto note when observations did not match the
current theoretical models and somewhat disappointed when results simply con�rmed what we already knew.
What is most pleasingabout the developments in the past two yearsis that e�ects at the 1% level are stated as
issuesthat are of seriousconcern: as a result molecular envelopeshave beencon�rmed around Miras, Cepheids,
and supergiant stars; many stars that previously were believed to be well understood, such as Vega,Aldebaran,
Arcturus, and Procyon, now seemto be anything but simple stars. New observations at mid-infrared wavelengths
are also increasingour understanding of models of very young and very old stars.

I am looking forward to seeingnew sciencefrom the new generation of imaging combiners. Imaging with
optical/infrared interferometers is still relatively unexploited. For example,papers are just beginning to appear
that placeconstraints on the asymmetry of youngstellar objects. Thesepublications haverelied on measurements
with baselineslessthan 40 m. Imaging combiners for the samewavelengths,but with baselinesout to 300m will
be commissionedin 2006{2007. My hope is that this new capability should bring forth much new and exciting
scienceby the time we meet again in 2008.
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